Maternal depression can negatively affect the development of children.
as well as increased interpersonal stress of the mother. 5 Equally important, however, is the degree to which depression can alter the intra-uterine environment, and hence affect fetal development. 6 For example, depression is reported to be associated with higher levels of circulating cortisol, 7 which can affect the development of the biological stress system of a child. 8, 9 Less well researched, however, is the potential for depression to associate with an unhealthy nutritional prenatal environment. A recent review 10 has highlighted the need for research, examining the potential synergistic impact of depression and nutrition: stress and mental health problems can contribute to unhealthy eating patterns during pregnancy, 11, 12 which can affect the neurocognitive development of a child. 10 Indeed, as indexed by the DSM-IV-TR, 13 symptoms of depression include a significant weight loss or gain. This suggests a change in dietary habits to which children of mothers with depression presumably would be exposed, particularly during pregnancy and the early postnatal years, when infants and young children are particularly dependent on the environment provided by a caregiver. 14 In the current study, we examined the extent to which prenatal depression symptoms were associated with an unhealthy nutritional intake during pregnancy, which, in turn, would prospectively associate with reduced child cognitive function at 8 years.
Method Sample
The Avon Longitudinal Study of Children and Parents (ALSPAC) was established to understand how genetic and environmental characteristics influence health and development in parents and children. All pregnant women resident in a defined area in the south west of England, with an expected date of delivery between 1 April 1991 and 31 December 1992, were eligible, and 13 761 women (contributing 13 867 pregnancies) were recruited. These women have been followed over the past 19-22 years. 15 When compared with 1991 national census data, the ALSPAC sample was found to be similar to the UK population as a whole. 16 Ethical approval for the study was obtained from the ALSPAC Law and Ethics Committee and the local research ethics committees.
Measures

Sample characteristics and birth information
Descriptive statistics for the overall sample are presented in Table 1 . Maternal ethnicity was recorded at 18 weeks gestation.
Infant birth weight and birth complications (e.g. abruption, preterm rupture, cervical suture) were recorded at birth. Birth complications were dichotomised to compare mothers with any complications (1) v. those without (0). Parity was obtained at 18 weeks gestation using a series of questions about previous pregnancies. Multiparous mothers were coded 1 and primiparous mothers were coded 0.
Maternal depression symptoms
Symptoms were repeatedly assessed (at 32 weeks prenatally, and 8 weeks, 8 months, 21 months and 33 months postnatally) with the Edinburgh Postnatal Depression Scale (EPDS), a widely used 10-item self-report questionnaire that has been shown to be valid in and outside the postnatal period. 17, 18 In the overall model, latent depression scores were created for the prenatal and postnatal periods, with higher values indicating greater symptoms of depression.
Maternal diet
Data on maternal diet were collected via the Food Frequency Questionnaire (FFQ), 19 completed by women at 32 weeks gestation
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Background Little is currently known about how maternal depression symptoms and unhealthy nutrition during pregnancy may developmentally interrelate to negatively affect child cognitive function.
Aims
To test whether prenatal maternal depression symptoms predict poor prenatal nutrition, and whether this in turn prospectively associates with reduced postnatal child cognitive function.
Method
In 6979 mother-offspring pairs participating in the Avon Longitudinal Study of Parents and Children (ALSPAC) in the UK, maternal depression symptoms were assessed five times between 18 weeks gestation and 33 months old. Maternal reports of the nutritional environment were assessed at 32 weeks gestation and 47 months old, and child cognitive function was assessed at age 8 years.
Results
During gestation, higher depressive symptoms were related to lower levels of healthy nutrition and higher levels of unhealthy nutrition, each of which in turn was prospectively associated with reduced cognitive function. These results were robust to postnatal depression symptoms and nutrition, as well as a range of potential prenatal and postnatal confounds (i.e. poverty, teenage mother, low maternal education, parity, birth complications, substance use, criminal lifestyle, partner cruelty towards mother).
Conclusions
Prenatal interventions aimed at the well-being of children of parents with depression should consider targeting the nutritional environment.
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and when the child was 47 months old. The FFQ contains a set of questions about the frequency of consumption of a wide variety of food and drink. The women indicated how often they were currently consuming these foods and drinks; possible responses were: never or rarely; once in 2 weeks; once to three times per week; four to seven times per week; and more than once daily. We delineated both 'healthy' and 'unhealthy' food groups, and then sought to examine the internal reliability of these groupings through a confirmatory factor analysis, deleting items with low correlations as needed. In instances where there were two indicators of a latent nutrition factor, we constrained the loadings to be equal. Prenatal healthy diet showed acceptable fit to the data (w Prenatal unhealthy diet showed acceptable fit to the data (w 2 [13] = 306.880; CFI = 0.936; TLI = 0.897; RMSEA = 0.059, 90% CI 0.053-0.064), and consisted of second-order latent factor defined by two first-order latent factors: processed food (i.e. fried food, meat pies or pasties, chips, crisps) and junk food (i.e. chocolate bars, cakes or buns, biscuits). Postnatal unhealthy food also showed acceptable fit to the data (w 2 [13] = 203.622; CFI = 0.965; TLI = 0.944; RMSEA = 0.049, 90% CI 0.043-0.055), and was similarly defined by processed food (i.e. sausages or burgers, meat pies, fried potatoes) and junk food (i.e. chocolate coated biscuits, other biscuits, chocolate). Although these dietary factors were identified by the use of a confirmatory analytic method, the latent factors identified here are highly similar to those identified in ALSPAC, on the FFQ, using exploratory data reduction methods. 19 In order to reduce complexities of the overall models, the latent scores underlying the healthy and unhealthy factors were saved and used as observed variables.
Child cognitive function
Child cognitive function was assessed at age 8, and consisted of the performance and verbal IQ assessments of the Wechsler Intelligence Scale for Children (WISC-III). 20 Scores were agenormed in accordance with standard procedures. We assessed these two scales in a latent factor of 'cognition' in the overall model. The distribution of the performance IQ (mean = 99.71 (s.d. = 17.09), Skew = 0.016) and verbal IQ (mean = 107.22 (s.d. = 16.75), Skew = 70.021) were normal and within the range of age-appropriate norms.
Control variables
Control variables were summated into an index and regressed on all study variables, including the cognitive outcome. The controls, at birth, consisted of parity and birth complications (described earlier). Prenatal controls included mothers' involvement with police (pregnancy: assessed 18 weeks), substance use (any indication of hard drugs, alcoholism, consumption of alcohol at frequency equal to or greater than two drinks a day (assessed during pregnancy between 18 and 32 weeks)), and mother experiencing cruelty from partner (e.g. any indication of emotional and/or physical abuse from partner (pregnancy: assessed 18 weeks)). We also controlled for repeated measures of contextual risk factors, via mother reports, that we have previously shown to be prospectively related to child emotional and behavioural dysregulation. 5, 14 These assessments spanned pregnancy, age 0-2 years, and 2-4 years. At each age, there were seven total risks (scored 1 with indication, 0 without indication): 
Selected sample of ALSPAC mothers and children
Of the original 13 761 mother and child pairs, a total of 6979 children completed the cognitive assessments at age 8. These were the mothers and children included in the present study.
Analysis
The analysis proceeded in two main steps. In the first step, we examined a path analysis examining the interrelations between maternal depression symptoms, unhealthy diet and child cognitive function. We also examined the degree to which maternal depression might indirectly relate to reduced child cognitive function indirectly via an unhealthy prenatal diet. In the second step, we examined a path analysis examining the interrelations between maternal depression symptoms, healthy diet and child cognitive function, as well as examining the degree to which maternal depression might indirectly relate to reduced child cognitive function via a low prenatal healthy diet. Indirect pathways were programmed in model constraint statements in Mplus. The indirect effects tested here assessed the extent to which maternal depression symptoms might relate to reduced cognitive function via the nutritional environment (i.e. higher unhealthy, lower healthy). Therefore, the indirect effects were defined by the product term of the two pathways of interest (i.e. maternal depression to nutrition6nutrition to child cognitive function). Because standard errors underlying indirect effects (i.e. product terms) are known to be skewed, we bootstrapped all indirect effects 10 000 times with bias-corrected 95% confidence intervals. The indirect pathways reported below are based on the bootstrapped variability around the product of non-standardised path coefficient estimates. Model fit was established using RMSEA (acceptable fit 40.08), as well as the CFI and TLI (acceptable fit 50.90).
22,23
Maximum likelihood estimation with robust standard errors was used to estimate the model parameters, and missing data were handled through full information maximum likelihood. All analyses were conducted using Mplus version 7.0 for Windows. 24 
Results
Step 1: Maternal depression symptoms, unhealthy diet and child cognitive function Figure 1 contains the unhealthy diet model, which showed acceptable fit to the data (w 2 [27] = 311.786; CFI = 0.980; TLI = 0.967; RMSEA = 0.039, 90% CI 0.035-0.043). Above and beyond postnatal depression, postnatal unhealthy diet and the controls, maternal prenatal depression symptoms were related to more unhealthy diet, which, in turn, prospectively associated with reduced cognitive function. The bias-corrected confidence intervals (via 10 000 bootstraps) for the indirect pathway of maternal depression symptoms relating to reduced cognitive function via unhealthy nutrition did not cross zero (b = 70.010; 95% CI 70.015 to 70.006), which suggests that symptoms of depression in pregnancy can affect child development via a more unhealthy nutritional environment. Moreover, within this model, prenatal maternal depression symptoms (above and beyond postnatal depression symptoms) were prospectively associated with reduced cognitive function, whereas postnatal maternal depression symptoms (above and beyond prenatal depression symptoms) were associated with higher cognitive function. In addition, prenatal and postnatal unhealthy diets were associated with reduced child cognitive function.
Step 2: Maternal depression symptoms, healthy diet and child cognitive function Figure 2 contains the healthy diet model, which showed acceptable fit to the data (w 2 [28] = 678.952; CFI = 0.956; TLI = 0.929; RMSEA = 0.058, 90% CI 0.054-0.062). Above and beyond postnatal depression symptoms, postnatal healthy diet and the controls, maternal prenatal depression symptoms were related to lower prenatal healthy diet. Maternal prenatal diet, however, was prospectively associated with higher child cognitive function (and lower postnatal depression symptoms). The bias-corrected confidence intervals (via 10 000 bootstraps) of maternal depression relating to reduced child cognitive function via less healthy diet did not cross zero (b = 70.005; 95% CI 70.009 to 70.003), which suggests that maternal depression symptoms in pregnancy can affect child development via a less healthy nutritional environment.
Discussion
Using a large longitudinal cohort, we provide evidence that prenatal maternal depression symptoms can relate to both more unhealthy and less healthy prenatal diets, which, in turn, can prospectively associate with reduced child cognitive function. These results increase the current knowledge about mechanisms through which maternal depression can affect child development. 2 In the present study, prenatal maternal depression symptoms were not only directly associated with lowered cognitive postnatal function of the child, but they also did so indirectly via the nutritional environment. For some time it has been recognised that children are affected not only by the symptoms of maternal depression (e.g. as measured by the EPDS: anxious or worried, so unhappy that they have been crying), 25 but also indirectly in that depression can affect the immediate rearing environment of a child. 2 To date, a majority of published studies have focused on how depression associates with maladaptive parenting and maternal cognitions, 4 whereas relatively fewer studies have focused on how maternal depression might lead to poor nutrition. 10 During pregnancy the diet of the mother will directly influence the nutritional environment of a fetus, which presumably will affect the development of the fetal nervous system, including the brain. 10 We separated the prenatal diet, as reported by the mothers, into Using Cohen's population effect size statistics, 33 an effect of 0.10 is a small effect, an effect of 0.24 is a medium effect, and an effect of 0.37 is a large effect. Dep, depression; Cogn, cognitive function. Solid arrow, P50.05; dashed arrow, P40.05. unhealthy and healthy factors. Healthy eating can be specified as a diet of nutrient-rich foods, with limited intake of salt, solid fats and added sugar. 26 Healthy foods were thus defined as those high in protein (e.g. fish, pulses), dietary fibre (e.g. pulses) and in important nutrients such as folate, magnesium, potassium, and vitamins A, C and K (e.g. vegetables). 26 Unhealthy foods were defined as being high in saturated fat (e.g. fast food), trans fat (e.g. junk food), salt (e.g. processed foods) and added sugar, 26 which have been associated with obesity, poor health and sedentary lifestyles. 27 Given that there are many nutrients of critical importance in the regulation of fetal brain development, and that the timing and dosage of these nutrients is of great consequence, 10 the fact that this sample showed continuity in healthy/unhealthy diets across individual pregnancies is important. It is worth highlighting research showing the relation between maternal mental health/stress and poor prenatal nutrition, 10 with stress contributing directly to unhealthy eating patterns. This research, combined with the findings of the current study, underscores the potential for interventions at the level of nutrition. In addition, poor nutrition during pregnancy necessarily affects different aspects of brain development dependent on the timing of the insults. 28 Although the present study did not examine biological mechanisms that might explain how prenatal maternal depression symptoms and nutrition can affect child cognitive development, Monk and colleagues 10 highlighted that maternal consumption of certain nutrients (e.g. protein, B vitamins, folate) not only show effects on brain development, but can also have a role in stress response, as their metabolism can be altered by exposure to stress. Hence, it appears possible that maternal depression (as a proxy of stress) could affect brain development via the biological 'crosstalk' between stress and nutrition. 10 Given the non-biological nature of the data used in the current study, however, the above statement is speculative, but might be considered an important area of investigation for future research.
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One counterintuitive finding was that postnatal maternal depression symptoms, which were distinguished from prenatal depression symptoms, and hence did not represent continuity in depression, were associated with increased child cognitive abilities. Although speculative, a tentative explanation for this time-specific effect is that a degree of postnatal symptoms (e.g. via the EPDS, anxiety and worry) might be conducive to sensitive and responsive parenting early in development. A biological analogue can be found in research by DiPietro, 29 who found that a degree of stress specific to pregnancy (not with postnatal continuity) was associated with accelerated fetal neurological maturation. We suggest that non-chronic parental stress (or distress) in the first year of a child's life may be a normative part of child rearing, and hence could promote adaptive parenting, which could lead to increased child cognitive functioning.
Considerations for intervention
Findings from the present study highlight pregnancy as being a promising window of opportunity for preventing certain effects that are at least partially attributable to the nutritional environment. This is encouraging, given that nutrition could be considered a malleable risk factor. Research (and the current findings) suggests that women of childbearing age are particularly susceptible to the adverse effects of poor nutrition on mood problems. 30 Therefore, diet-based interventions could be highly effective in reducing the association between reduced postnatal cognitive function and prenatal maternal depression.
Limitations
The present results should be interpreted in the context of five main limitations. First, this research is correlational in nature; hence no causative relationship has been identified. In addition, effect sizes for the prospective association of maternal depression and unhealthy diet were not large, and should therefore not be interpreted as deterministic of a child's cognitive function. Second, most measures were based on maternal reports, raising the possibility of shared method variance. Future studies should incorporate multiple informants and biological indicators of the nutritional intake of the mother. Third, we relied on self-reports of mothers with depression, which calls into question the accuracy of the reports. That said, studies have found that mothers with depression can be as accurate as other informants about their children's behaviour, 31 and a meta-analyses suggested that the size of the effect of maternal depression on child outcomes, as measured by maternal reports on scale formats v. clinical diagnoses, do not significantly differ. 1 Fourth, although the mothers and children of ALSPAC represent a broad spectrum of socioeconomic backgrounds, the sample includes relatively low numbers of individuals from ethnic minority groups. The present results will need replication with more ethnically diverse samples. Fifth, although this study controlled for many potential confounding prenatal and postnatal factors, it did not assess the actual biological mechanisms (e.g. DNA methylation) that might explain the prenatal association with postnatal child cognitive function. 10, 32 Findings from our analyses may provide fresh insights about how depressed mood can lead to altered dietary intake during pregnancy and open new avenues for increasing the effectiveness of prenatal interventions.
